Background Local drug delivery devices offer a promising method for delivering vancomycin and amikacin for musculoskeletal wounds. However, current local delivery devices such as beads and sponges do not necessarily allow for full coverage of a wound surface with eluted antibiotics and do not address the need for reducing the antibiotic diffusion distance to help prevent contamination by bacteria or other microorganisms. We blended chitosan/ polyethylene glycol (PEG) pastes/sponges to increase biocompatibility and improve antibiotic coverage within the wound. Questions/Purposes (1) Are blended chitosan/PEG pastes biodegradable? (2) Are the blended pastes biocompatible? (3) How much force does paste require for placement by injection? (4) Will the pastes elute active antibiotics to inhibit bacteria in vitro? (5) Can the pastes prevent infection in a preclinical model with hardware? Methods Our blended paste/sponge formulations (0.5% acidic, 1% acidic, and acidic/neutral) along with a control neutral 1% chitosan sponge were tested in vitro for degradability, cytocompatibility, injectability tested by determining the amount of force needed to inject the pastes, elution of antibiotics, and activity tested using zone of inhibition studies. Along with these studies, in vivo models for biocompatibility and infection prevention were tested using a rodent model and an infected mouse model with hardware, respectively. By evaluating these characteristics, an improved local drug delivery device can be determined. Results All three of the paste formulations evaluated were almost fully degraded and with 6 days of degradation, the percent remaining being was less than that of the control 
Introduction
Bacteria such as Staphylococcus aureus and Pseudomonas aeruginosa are common pathogens in musculoskeletal wounds and can form biofilms and gain resistance to certain antibiotic concentrations [2, 6, 7, 10] . To address contaminated injury sites, a local antibiotic delivery system may be utilized to increase the antibiotic levels in the wound to prevent infection without risking patient side effects from high-systemic antibiotic levels [9, 12] . Many types of biomaterials such as bone cement beads and calcium sulfate pellets are being used as local drug delivery devices. These devices can have little or no degradation and need to be removed after use as a local antibiotic delivery device or have rapid degradation that results in sterile wound drainage [1, 9, 20] . Developing a local drug delivery system that could potentially have more compatible degradation byproducts, requires no additional surgeries, and decreases the diffusion distance would be helpful in treating musculoskeletal injuries. Our laboratory has fabricated a chitosan paste blended with polyethylene glycol (PEG) to improve the paste's biocompatibility, biodegradability, antibiotic delivery properties, wound coverage, and diffusion distance ( Fig. 1) .
Chitosan is a linear aminopolysaccharide that is a product of the process of alkaline deacetylation of chitin from the exoskeletons of crustaceans [1] . Chitosan is biocompatible, biodegradable, and has reactive side groups [1, 3] . Chitosan sponges have been blended with PEG in previous research to aid in degradation and biocompatibility [19] . PEG has known biocompatibility, is used in pharmaceuticals, and helps to increase the biocompatibility and degradability over the initial neutral chitosan sponges [19] .
Our goal is to develop a biocompatible local drug delivery device that is able to elute active antibiotics in vivo. In previous studies, chitosan/PEG sponges were developed that were used as an adaptable drug delivery system that is biocompatible, degradable, and can be loaded with antibiotics. However, they were not able to offer complete direct antibiotic exposure to the wound for enhanced infection prevention and treatment [11, 21] . An injectable local delivery system that can fill contours of wounds with deep and/or complex geometry is needed to offer enhanced coverage of the wound bed and surface to offer direct exposure to antibiotics. Therefore, we asked: (1) Are blended chitosan/PEG pastes biodegradable? (2) Are the blended pastes biocompatible? (3) How much force does paste require for placement by manual injection through a modified syringe? (4) Will the pastes elute active antibiotics to inhibit bacteria in vitro? (5) Can the pastes prevent infection in a preclinical model with hardware?
Materials and Methods

Experimental Overview
To evaluate these blended chitosan/PEG pastes, multiple in vitro and in vivo studies are needed to determine their effectiveness and clinical utility as local drug delivery systems. Enzymatic degradation, cytocompatibility, paste injectability, elution, and activity studies were assessed through a series of in vitro tests. Finally, two in vivo studies were performed to determine biocompatibility in a rodent model and infection prevention in an infected mouse model (Fig. 2) .
Fabrication
The chitosan/PEG paste was fabricated using Chitopharm 1 S chitosan powder (Chitinor AS, Tromsø, Norway) with an 82°± 2°of deacetylation and an average molecular weight of 250 kDA. The 1% acidic paste formulation was made by dissolving 1% w/v of 8000 g/mol PEG into a 0.85% v/v of acetic acid in ultrapure water solution and then dissolving 1% w/v of chitosan. The solution is frozen overnight, lyophilized, and then ground up ( Table 1 ). The 0.5% acidic paste is the same with the exception of the amount of PEG being 0.5% w/v of 8000 PEG (Table 1) . Finally, the acidic/ neutral paste is composed of equal amounts of an acidic sponge and a neutral sponge. For the neutral portion of the paste, 0.5% w/v of 6000 g/mol PEG (Sigma Aldrich, St Louis, MO, USA) was dissolved in a 1% v/v acetic acid in deionized water solution and, after dissolution, 0.5% w/v of chitosan was dissolved in the same solution. The acidic portion of the paste was made in the same manner but by dissolving only 1% of chitosan alone in the acetic acid solution. The neutral and acidic sponges were cast into 500-mL containers at a volume of approximately 333 mL, frozen overnight at À20°C, and lyophilized in a benchtop freeze dryer (LabConco, Kansas City, MO, USA) to create dehydrated sponges. To obtain the neutral sponges, they were immersed in 0.25 M sodium hydroxide and washed with deionized water until a neutral pH was reached, frozen overnight, and lyophilized again to create the neutral sponges. Both the acidic and neutral sponges were ground separately into small flakes (B 0.3 cm) and then combined in a 1:1 weight ratio to be used to make the acidic/neutral paste ( Table 1 ). All samples used for biologic testing were sterilized with ethylene oxide gas (EtO) before hydration and allowed to degas for a minimum of 24 to 48 hours (Fig. 3) . To create the paste from the ground up sponge flakes, the samples are hydrated with phosphate-buffered saline (PBS). Enzymatic Degradation
To determine biodegradability of the blended chitosan/ PEG pastes, we used an enzymatic degradation experiment to model the process of chitosan degradation inside the body. Lysozyme is the primary enzyme that breaks down chitosan in vivo so for this experiment, we submerged our chitosan pastes in a lysozyme solution to evaluate the degradability of the pastes [19] . The pastes were aliquoted into tubes at approximately 0.67 g and were then hydrated with 5 mL (7.59 the dehydrated paste weight) of PBS (n = 6). They were then placed into a metal, hemispherical container with numerous holes (approximately 1.5 mm in diameter) and the opening was wrapped with parafilm while covering none of the holes. The containers were then placed into a 125-mL plastic Nalgene1 container (Thermo Fischer Scientific, Waltham, MA, USA), parafilm side down, and filled with 50 mL of chicken egg white lysozyme solution (1 mg/mL in deionized water) (Fig. 4) . The lids were screwed on and the containers were placed inside an incubator at 37°C on a shaker (Stovall Belly Dancer Shaker; Cole Palmer, Vernon Hills, IL, USA) at speed 2.
Samples were taken at 1-, 2-, 3-, 4-, 5-, and 6-day time points. The lysozyme solution was replaced every 24 hours. The degraded samples were removed from the solution and transferred to an aluminum dish and placed in an oven at 80°C for 24 hours to dry. The dried samples were weighed and the percent chitosan/PEG paste remaining was calculated. New samples were used at each time point as a result of the drying process being destructive to the paste.
Cytocompatibility/Biocompatibility
To evaluate the cytocompatibility and biocompatibility of the chitosan pastes, we used benchtop cell viability experiments to analyze how cultured cells react to these materials and then expanded on this testing using a functional in vivo animal model to assess inflammatory response and tissue reaction. In vitro cytocompatibility was assessed by determining the cell viability of NIH 3T3 cells after being in contact with the pastes and neutral 1% chitosan sponges (control). The pastes were weighed to be approximately 0.67 g and were then hydrated with 5 mL of PBS. Cells were seeded at 1 9 10 4 cells/mL and allowed to proliferate overnight on 24-well transparent tissue culture plates in media under standard cell culture conditions at 37°C and 5% CO 2 atmosphere. The media consisted of 0.8 mL High Glucose Dulbecco's Modified Eagle Medium with 10% fetal bovine serum and 0.1 mg/mL Normocin (InvivoGen, San Diego, CA, USA). Approximately 0.3 mL of each paste was injected into a cell culture insert (3.0-lm pore size membrane), which were lowered into each well (n = 5/group). Chitosan sponges were hydrated, placed in inserts, and lowered into the wells. After 24 and 72 hours, the inserts containing the paste were removed and Promega Cell Titer-Glo 1 Luminescent Cell Viability assay (Promega, Madison, WI, USA) was used to determine cell viability by measuring luminescence at 590 nm and compared with a standard curve of known quantities of NIH 3T3 fibroblasts.
In vivo compatibility testing was performed for the 0.5% acidic, 1% acidic, acidic/neutral, and the neutral 1% chitosan sponge (control) by quantifying inflammatory responses. The pastes and sponges were weighed to be approximately 0.67 g and were hydrated with 5 mL of PBS. The male Wistar rats were anesthetized with isoflurane as anesthesia (UofM-IACUC 0758) [19] . The right hindlimb was shaved and scrubbed with Betadine and isopropanol. An approximate incision of 10 mm was made with a No. 10 scalpel blade on the mediolateral surface of the leg and the muscle tissue was reflected to expose the proximal tibial surface, which was roughened with a scalpel and the bone site marked for identification. The rats then received implanted paste or sponge (n = 3/group). Approximately 0.2 mL of paste was injected into each defect site. Sutures were used to close tissue over the defect followed by a cyanoacrylate application. The rats were monitored until they were awake and active. For 2 days or longer, the rats received an injection of Rimadyl (Zoetis, Parsippany, NJ, USA) for pain management and were checked daily for redness and swelling. After 7 days, the rats were euthanized and the implant region, including the tibia and surrounding tissue, was excised and placed in 10% neutral formalin before undergoing decalcification and histologic processing with paraffin. Slices were taken perpendicular to the defect.
These slices were then stained with hematoxylin and eosin and the tissue response and amount of remaining paste were determined and quantified by blinded reviewers. The histology was ranked on a scoring system of 0 to 5 (0 = no inflammation, 5 = severe inflammation) [19] .
Injectability
To model clinical application of chitosan paste to a wound site, we performed injection tests through modified syringes to determine the force required for manual injection. Injectability of the pastes was compared by ejecting the paste from a standard 25-mL repeater pipette syringe with a modified 3-mm diameter tip opening with empty syringes used for control (n = 3). The paste was weighed approximately to be 0.8 g and hydrated in a syringe with 6 mL of PBS. Each syringe was fixed into an Instron Universal Testing Machine (Instron, Norwood, MA, USA) with a 5-kN load cell automated by Instron's Bluehill 1 2 (Version 2.13) software, which compressed the syringe plunger at 1 mm/sec to fully eject the chitosan paste from the syringe. The maximum ejection force was recorded for comparison. The acidic/neutral paste was used as a control and upper and lower limits were set by personal communication with Wright Medical Technology (Nathan Thomas from Wright Medical Technology, August 2013) and empty syringes (air), respectively.
Elution
When loading a local drug delivery device with antibiotics, the goal is to release antibiotics at concentrations and locations sufficient to eliminate contaminating bacteria. To evaluate whether the chitosan pastes are releasing antibiotics over a 3-day period, elution studies were conducted with a combination of vancomycin and amikacin antibiotics loaded at concentrations of 10 mg/mL each. To load the pastes with the antibiotics, the pastes were hydrated with the antibiotic solution. The setup for the pastes and sponges is similar to the enzymatic degradation study except that the pastes and neutral 1% control sponge were aliquoted into tubes at approximately 0.8 g and were then hydrated with 6 mL (7.5 9 the dehydrated paste weight) of the antibiotic solution (n = 3) and the containers were filled with 50 mL of PBS. Samples for antibiotic activity were collected at 1, 3, 6, 12, 24, 48, and 72 hours with the PBS solution replaced at every time point.
Vancomycin concentrations were measured using a Thermo Scientific Dionex UltiMate 3000 Series HPLC and a BDS HYPERSIL reversed-phase C18 column (150 x 4.6 mm) (Thermo Fischer Scientific, Waltham, MA, USA). The mobile phase for vancomycin was 30% acetonitrile and 70% potassium phosphate buffer. Amikacin concentrations were measured by using an aminoglycoside antibiotics detection method utilizing a reaction solution to read the amount of antibiotics in the samples [13] . All eluate concentrations were normalized to standard curves with known concentrations of the antibiotic solution.
Antimicrobial Activity Antimicrobial activity studies followed elution studies to validate concentrations and to ensure that antibiotics are not inactivated by the local delivery system. The activity of the vancomycin and amikacin eluted from the pastes and sponge was determined using zone of inhibition (ZOI) assays (n = 3). Blank paper discs, 6 mm in diameter, were placed on trypticase soy broth (TSB) agar plates containing a lawn of S aureus (ATCC 12598) or P aeruginosa (ATCC 27317) and were hydrated with 20 lL of each eluate sample. TSB agar plates were incubated at 37°C and removed after 24 hours and photographed. ZOI diameters (mm) were measured.
In Vivo Infection Prevention
An in vivo implant-associated infection prevention model with orthopaedic hardware was used to determine whether the blended chitosan/PEG pastes loaded with antibiotics are able to prevent an infection in an animal model. We used an infected mouse model to compare the paste formulations and chitosan sponge loaded with antibiotics to a control of the 0.5% acidic paste loaded with PBS. The paste types evaluated were 1% acidic, 0.5% acidic, acidic/ neutral, and the sponge controls (neutral 1% chitosan sponge), which were all hydrated with an antibiotic solution, a combination of vancomycin and amikacin (10 mg/ mL each), and then a 0.5% acidic paste group was hydrated with PBS and used for a control (UAMS-IACUC 3579). The pastes were weighed to be approximately 0.67 g and both the pastes and the sponge were hydrated with 5 mL of solution. C57BL/6 mice, 8 to 12 weeks old, were anesthetized with isoflurane and the adequacy of the anesthesia was confirmed by the toe pinch reflex and the reaction to light. The left leg was cleaned with povidine-iodine and rinsed with 70% ethanol. An incision was made at the knee and a femoral pin (sterile 0.25-mm metal insect pins) was surgically implanted (Fig. 5) [4] . The pin was then inoculated with 2 lL of cultures of UAMS-1 strain of S aureus, a clinical isolate obtained from an osteomyelitis patient (S aureus [ATCC 49230]). The paste was applied immediately after the implantation of the pin through injection of a volume approximately 0.05 mL or the neutral sponges were placed adjacent to the pin (n = 3/group). After suturing, the mice were returned to their cages and monitored daily. Animals were euthanized 7 days after the treatment and the left femur was removed along with the pin, which was then sonicated in PBS. The soft tissue was then dissected from the bone and the femur was cut into small pieces, placed in a sterile saline, and homogenized. The homogenates were diluted, plated on agar plates, and viable microbial colonies were counted along with the colonies remaining on the pin.
Statistical Analysis
The biodegradability, cytocompatibility, biocompatibility, elution, and activity results were compared using two-way analysis of variance (ANOVA) with the Tukey post hoc test where p \ 0.05 was considered significant and the mean differences were calculated referenced to the control sponge. When calculating injectability forces, a one-way ANOVA test was used along with the Tukey post hoc test where p \ 0.05 was considered significant and the mean differences were referenced to the acidic/neutral sponge. For the in vivo infection prevention results, a one-way ANOVA test was used with the Tukey post hoc test where p \0.05 was considered significant and the mean differences were calculated referenced to the 0.5% acidic paste hydrated with PBS.
Results
All three of the paste formulations evaluated were almost fully degraded, where by 6 days, the percent remaining was less than that of the control sponge (Table 2 ; Fig. 6 ).
The paste formulations show biocompatibility from in vitro and in vivo studies with high cell viability and low inflammatory response (Figs. 7, 8 ). Cell viability in vitro was high (Table 3 ; Fig. 7) . Also, inflammatory response was comparable in vivo and there was found to be no difference between the control sponge and the paste formulations (Table 4 ; Figs. 8, 9) .
The paste formulations, 1% acidic and 0.5% acidic, were found to be injectable with less force when compared with the acidic/neutral paste with upper and lower limits set by a guideline maximum force of 330 N found from a personal communication from a local medical device company (Nathan Thomas from Wright Medical Technology, August 2013) for similar injectable paste like bone graft products and syringes filled with air (Table 5 ; Fig. 10 ). After 72 hours of the elution study, all samples were shown to be able to elute antibiotics above the minimum inhibitory concentration (MIC) for vancomycin (2 lg/mL) and amikacin (16 lg/mL) (Tables 6, 7; Figs. 11, 12) .
At 72 hours, all paste formulations exhibited in vitro activity against S aureus (Tables 8A, 9 ). Similarly, all formulations were effective against P aeruginosa at 72 hours (Tables 8B, 10 ). However, the control 1% neutral sponge did not show antibacterial activity against S aureus (Fig. 11) at 72 hours nor against P aeruginosa (Fig. 12) at 24, 48, or 72 hours, although the concentration of eluted antibiotics at these time points was measured to be above the MIC for these bacteria. It is not clear what the cause is of this discrepancy. The assays for measuring the concentrations of antibiotics do not assess functional activity. Thus, some of the released antibiotics in the 1% neutral sponge may not be functional and this may be more readily detected when the eluted concentrations are lower, after Day 1. It is clear that there was functionally active antibiotics released at the time points with the paste formulations (Table 8) .
The antibiotic-loaded 1% acidic, 0.5% acidic, and acidic/neutral paste formulations were all able to prevent the infection with 100% clearance on the implanted Fig. 6 Enzymatic degradation results are shown for the 1% acidic, 0.5% acidic, and acidic/neutral pastes undergoing enzymatic lysozyme degradation (n = 6). A significant difference is found whenever p \ 0.05; *significant difference between the acidic/neutral paste and both the 1% acidic and 0.5% acidic pastes; significant difference between the 1% acidic and 0.5% acidic pastes; à significant difference between the acidic/neutral paste and the 0.5% acidic paste; § historical control from Parker et al. [19] ; chitosan/PEG sponges from studies by Parker et al. degraded to between 20% and 40% remaining [19] . Fig. 7 In vitro direct contact cytocompatibility, normalized to neutral 1% chitosan sponge (CS) control, is reported as the average ± SD of percent cell viability (n = 5). A significant difference is found whenever p \ 0.05; *significant difference between the paste and the control sponge; significant difference between the acidic/ neutral and 0.5% acidic pastes.
hardware and surrounding tissue with an antibiotic loading of vancomycin and amikacin solution both at 10 mg/mL when compared with hydration with PBS (Table 11 ; Fig. 13 ).
Discussion
This preliminary study evaluated a new chitosan-PEG paste local delivery system that would allow for the distribution of eluted antibiotics in a contaminated musculoskeletal wound for infection prevention [16, 18, 22] . Chitosan sponges and chitosan pastes have been investigated for use as local antibiotic delivery systems to address problems of infection and traumatic musculoskeletal injuries [22] . Although local drug delivery devices such as CaSO 4 and chitosan sponges offer biocompatibility, degradability, and active antibiotic characteristics, chitosan paste formulations offer an increased distribution surface area for the release of antibiotics allowing for a decreased diffusion distance for the antibiotics to travel before reaching contaminating bacteria in the wound. We asked whether different formulations of chitosan paste would offer increased biocompatibility while maintaining degradability and active antibiotic release over 3 days to develop an improved local drug delivery device to address clinical needs for infection prevention.
Limitations in this preliminary study include minimal proof-of-principle evaluations in both in vivo biocompatibility and functional infection prevention assessment models. By increasing the in vivo sample size, an enhanced understanding of the biocompatibility and infection prevention qualities could be obtained and these studies are pending or underway. Using a larger animal in a more complex functional infection study would also better represent a bone/soft tissue defect that would be found in clinically infected musculoskeletal wounds. Studies evaluating local antibiotic delivery paste in an established model for infected rabbits is planned. Our main study objective was to improve biocompatibility so the neutral 1% chitosan sponge was selected for the control based on past biocompatibility results [19] . Expanded control groups using sponges made of the same formulations as the paste would allow for enhanced comparison between sponge versus paste formulations. Despite the discussed limitations, the PEG-blended paste formulations have shown the early potential to be used as local drug delivery devices to treat musculoskeletal wounds and infections. These blended chitosan/PEG pastes have the ability to elute active antibiotics and lessen the antibiotic diffusion distance to contaminating bacteria in complex wounds. Studies regarding the degradation properties of chitosan/ PEG products and hydrogels involved an injectable, chitosan phospholipid blended with lauric chloride or lauric aldehyde for use in localized therapeutic applications. Developed by De Souza et al. [8] , the injectable blended hydrogel was tested for degradation in vivo in an intraperitoneally injected mouse model. The results showed that 7.5% of the injectable hydrogel remained after 4 weeks. Parker et al. [18] used blended chitosan/PEG sponges (6000 g/mol PEG) in a degradation comparison study to a neutral chitosan sponge. After 6 days of lysozyme enzymatic degradation, approximately 60% of the sponge remained compared with the 0% to 8% remaining in the present study. Based on the rapid degradation of our chitosan/PEG paste formulations found in vitro and in vivo, the evaluated pastes in this study have the potential to degrade in vivo over several days to weeks.
The chitosan/PEG hydrogel literature has reported acceptable biocompatibility [14, 25, 26] . The results found from this testing performed on chitosan/PEG pastes are comparable to the various reported chitosan hydrogels [8, 17, 24] . Results found from in vivo studies vary from immediate inflammation, tissue encapsulation from an implanted hydrogel, moderate inflammation from chitosan/ PEG devices, to minimal inflammatory response from various hydrogels [8, 14, 15, 23, 26] . The evaluated blended chitosan/PEG paste formulations in our study experienced similar cellular responses to that of the neutral 1% chitosan sponge in vitro, which is comparable to the aforementioned studies. From the in vivo biocompatibility study, our pastes elicited a minimal to moderate inflammatory response. These results and past studies suggest that blended chitosan/PEG pastes would elicit a minimal inflammatory response when used clinically in musculoskeletal trauma.
A study has evaluated the injectability of a chitosan/ PEG device. Sprayable thermosensitive chitosan/PEG hydrogels were developed by Wu et al. [26] for nasal drug delivery but they did not explicitly test injectability. The devices in the Wu et al. [26] study were hydrogels being injected from a needle, whereas our paste was injected from a larger cannula device. This study does not directly reflect our procedures because currently there is not a standardized injectability test. Our results indicate the force required to expel paste from modified syringes would be within the range for manual injection, offering clinical advantages for clinical settings such as the operating room.
Although other chitosan/PEG hydrogels have been shown to release cyclosporine A and bovine serum albumin in a steady release, these hydrogels were not tested for the activity or release of proteins in vitro [5, 14, 25] . Neutral chitosan and chitosan/PEG combination sponges have been shown to release an initial burst release of vancomycin at 7% and 16%, respectively, but decreased at longer time points [17] . Chitosan sponges made from acetic and lactic acid loaded with vancomycin reported that after 1 hour, an Fig. 11 The elution graph is shown for vancomycin (n = 3). A significant difference is found whenever p \ 0.05; *significant difference between the 1% acidic and 0.5% acidic pastes; significant difference between the neutral 1% sponge and the 1% acidic, 0.5% acidic, and acidic/neutral pastes; à significant difference between the neutral 1% sponge and the acidic/neutral paste. The MIC for vancomycin is 2 lg/mL. Fig. 12 The elution graph is shown for amikacin (n = 3). A significant difference is found whenever p \ 0.05; *significant difference between the 1% acidic and the acidic/neutral pastes; significant difference between the 0.5% acidic and acidic/neutral pastes; à significant difference between the neutral 1% sponge and the 1% acidic paste; § significant difference between the neutral 1% sponge and the 0.5% acidic paste; || significant difference between the neutral 1% sponge and the acidic/neutral paste. The MIC for amikacin is 16 lg/mL. A significant difference is found whenever p \ 0.05; *significant difference between the 1% acidic and acidic/neutral pastes; significant difference between the 1% acidic and 0.5% acidic pastes; à significant difference between the sponge and the 1% acidic paste; § significant difference between the sponge and the 0.5% acidic paste; || significant difference between the sponge and the acidic/neutral paste. initial burst of antibiotics was recorded with a decrease in antibiotics eluted thereafter [16] . Noel et al. [16] found that the levels of vancomycin and amikacin eluates released from chitosan sponges remained active through hour 72 and hour 48, respectively. The chitosan/PEG pastes that were evaluated in this study showed half the amount of initial antibiotic burst release but did display active antibiotic release through the 72 nd hour for both vancomycin and amikacin. Based on the in vivo infected pin model data, this preliminary study illustrates that the pastes can actively release antibiotics and may prevent infection.
The chitosan/PEG pastes being investigated exhibit more rapid degradation and similar biocompatibility to other chitosan/PEG devices as well as showing an extended elution profile of active antibiotics. When tested in vivo in an infected mouse model, the pastes were found to be effective in preventing infections and bacterial growth. Whereas the chitosan sponge may not as effectively match the complex contours of a deep wound, chitosan paste is able to be placed and migrate into the wound bed and release antibiotics closer to the bacteria. In conclusion, the 0.5% acidic, 1% acidic, and acidic/neutral blended chitosan/PEG pastes may offer improved characteristics for use as a local drug delivery device to deliver active antibiotics in a wider distribution of eluted antibiotics to prevent or possibly treat musculoskeletal wound and bone infections. Future animal models should be performed to determine the effectiveness of the paste in a more complex musculoskeletal wound along with studies looking at antibiotic loading levels. Fig. 13 Remaining microbial colonies from the pin and femur are shown (n = 3). Using ANOVA on ranks and Dunnett post hoc test, a significant difference is found whenever p \ 0.05; *significant difference when compared with the pastes and sponges hydrated with the antibiotic solution. CFUs = colony-forming units.
